. This result suggests also protected at centromeres because arm cohesin, but not centromeric cohesin, is largely dissociated in that human Sgo1 localizes mainly at the inner centromere. To examine this possibility more thoroughly, we pro-and prometaphase [5, 6]. The dissociation process is dependent on the activity of polo-like kinase costained Aurora B, a chromosomal passenger protein known to localize at the inner centromere from mitotic (Plk1) and partly dependent on Aurora B [7-9]. Recently, it has been demonstrated that vertebrate shuprophase to metaphase. The locations of Sgo1 and Aurora B were virtually identical in prometa-and metagoshin is required for preserving centromeric cohesion during mitosis [10]; however, it was not addressed phase ( Figure 1D ), indicating that human Sgo1 indeed localizes to the inner centromere. S. pombe Sgo1 is whether human shugoshin protects cohesin itself. Here, we show that the persistence of human Scc1 at found in pericentromeric heterochromatin regions, which correspond structurally to the mammalian inner centromeres in mitosis is indeed dependent on human Sgo1. In fission yeast, Sgo localization depends on centromere [2, 3], and Drosophila MEI-S332 also localizes in the vicinity of pericentromeric regions [11, 12]. Bub1, a conserved spindle checkpoint protein, which is enigmatically also required for chromosome conThese are also the regions where cohesin is most gression during prometaphase in vertebrate cells. We strongly enriched [13, 14], promoting the idea that Sgo demonstrate that human Sgo1 fails to localize at cenmight directly protect cohesin at centromeres and tromeres in Bub1-repressed cells, and centromeric thereby centromeric cohesion. cohesion is significantly loosened. Remarkably, in these cells, Sgo1 relocates to chromosomes all along Sgo1 Is Required for the Protection of Cohesin their length and provokes ectopic protection from disScc1 from Prophase Dissociation sociation of Scc1 on chromosome arms. These results
, presumably by promoting centromeric is reasonable to assume that the meiosis-specific protection of centromeric cohesin originates from the basic localization of Sgo1 [2] . However, it is entirely unknown whether Bub1 is involved in the regulation of sister chromachinery of mitotic chromosome regulation, and it therefore appears plausible that the underlying molecumatid cohesion and shugoshin localization in other organisms. We therefore examined whether human Sgo1 lar mechanism is identical. The different outcome could be brought about by meiosis-specific modifications on localization is regulated by Bub1. Figure S2 ). In contrast, the centromeric localization of Sgo1 was intact in BubR1 RNAi cells, and no additional signal was observed on chromosome arms ( Figure 3C ). We conclude that the centromeric localization of human Sgo1 depends on Bub1 but not on the related checkpoint kinase BubR1. These results suggest that the regulation of Sgo localization to centromeres is conserved between yeast and humans. Moreover, these findings raise the possibility that Bub1 is involved in the regulation of sister chromatid cohesion in vertebrate mitotic chromosomes.
Bub1 Plays a Crucial Role in Defining Sgo1
Localization and Thereby Cohesion Sites on Mitotic Chromosomes Because Sgo1 is displaced from centromeres in the absence of Bub1, centromeric cohesion could be impaired by Bub1 RNAi. To explore this possibility, we collected mitotic cells and examined the spread chromosomes by Giemsa staining. Strikingly, a significant proportion of Bub1 RNAi cells showed less resolution of sister chromatids along the whole chromosome length when compared with control cells (Figure 2A v ) . However, when we looked at the well-resolved chromosomes, it was obvious that the primary constriction at centromeres was frequently abrogated (Figure 2A Figures 2C and 2D) , indicating that the tight cohesion at centromeres is indeed impaired by repressing Bub1. The foregoing results also suggested that, although centromeric cohesion is loosened, arm cohesion is more robust in Bub1 RNAi cells. To investigate arm cohesion more thoroughly, we examined chromosomes prepared 
